The results of CCD photometry in the seven-color Vilnius system of 3058 stars down to V ∼ 18.0 mag in a 1.5 square degree field around the cluster NGC 752 are presented. For most of the stars brighter than V = 17.0 mag, photometric spectral and luminosity classes are determined. The catalog of 1174 stars down to V = 15.5 mag is given in the paper. The entire catalog will be available at the CDS Simbad database. The color-magnitude diagram indicates an extension of the cluster's main sequence down to 5 mag below the turnoff point.
INTRODUCTION NGC 752 [α(2000) = 01
h 57.7 m , δ(2000) = +37
• 47 ′ ; ℓ = 137.1
• ], located in Andromeda (near the border with Triangulum) at a distance of about 450 pc, is the closest open cluster of the northern hemisphere with an age between 1 and 2 Gyr. In this age range, clusters provide useful tools for detailed tests of the predictions of stellar evolutionary models. Additionally, NGC 752 seems to be a good target for dynamical studies as it is known to have an extended corona (Mermilliod et al. 1998 ) which may have resulted from dissolution of the cluster members from the low-mass end.
At this short distance from the Sun, NGC 752 has been the subject to numerous studies (for a review and summary of the recent literature, see Daniel et al. 1994; Bartašiūtė et al. 2007 ). However, most of the existing observational data are available on stars brighter than V = 14 mag and, consequently, the main-sequence downward of late G-type stars remains unknown. To define the extension of the lower main-sequence, efforts have been undertaken to obtain CCD photometry in the field of the cluster. Recently, high-precision CCD photometry down to V = 18.0 mag in the Strömvil (Strömgren + Vilnius) system has been obtained at the 1.8 m Vatican Advanced Technology Telescope (VATT) in the central part of the cluster (Bartašiūtė et al. 2010) , which revealed an extension of the lower Unauthenticated Download Date | 2/12/18 2:43 PM main-sequence to four magnitudes beyond the photoelectric limit and to three magnitudes beyond the proper motion (photographic) limit. In the present paper, we provide wide-field Vilnius CCD photometry in the area of NGC 752, performed at the Molėtai Observatory in Lithuania.
OBSERVATIONS AND REDUCTIONS
The multi-color CCD observations of the NGC 752 area ( Figure 1 ) were obtained in August of 2009 using the Maksutov-type 35/51 cm telescope of the Molėtai Observatory, equipped with a VersArray 1300B CCD camera. This liquid nitrogen cooled camera has a backside-illuminated 1340×1300 pixel chip (pixel size 20 × 20 µm) with Unichrom UV-enhancement coating (see Zdanavičius & Zdanavičius 2003 for details) . At the telescope focus, the image scale is 3.38 ′′ per pixel, which gives a sky coverage of 1.26
• × 1.22
• . To exclude the influence of some defective pixels, part of the exposures were taken with a slight (about 30 pixels) shift in x and y directions.
The exposures were acquired in the Vilnius system U P XY ZV S filters of a diameter of 50 mm. The filters X, Y , Z and S are interference filters (color glasses are used to remove light in other transmittance maxima), and the ultraviolet U and P and green V filters are cemented only from color glasses. Additionally, red leak of the U filter is blocked by means of interference coating. The transmittance of the filters is described in detail by Zdanavičius et al. (2008a) . A total of 119 frames of different exposure length were taken (Table 1) .
Flat-field and bias corrections were undertaken using the IRAF package 1 . To extract the instrumental magnitudes, both the aperture and point-spread function Table 1 . Log of observations. The first two columns give the filter name and its mean wavelength. The numbers of multiple frames of the same exposure length are given in brackets.
Filter λ 0 min Exposure length and the number of frames (nm) or sec U 345 min 40(2), 35, 25, 20, 15, 6(2) , 5(2), 2, 1.5(2) P 374 min 40(2), 20(2), 5(3), 4, 1.5, 1 X 405 sec 1800(3), 1200(2), 360, 300(3), 120, 60, 40, 30, 20, 10, 5 Y 466 sec 540, 480(5) , 420(5), 120(6), 90, 30(3), 20, 15, 10, 7, 5, 3 (2) Z 516 sec 600, 480(3), 360(2), 90(2), 70(2), 30, 15(2), 5(2) V 544 sec 1200(7), 450, 300(2), 180(2), 60(3), 30, 20(3), 5(3), 3 S 656 sec 480, 360(2), 300(2), 90(2), 60(2), 15(2), 5(2) (PSF) photometry were done. A detailed description of the flat-field correction and photometry routines can be found in the paper by Zdanavičius et al. (2008b) . For the transformation of the instrumental magnitudes and color indices to the standard Vilnius system, the equations were determined using 68 stars in the field of NGC 752 observed photoelectrically by Bartašiūtė et al. (2007) . These standard stars cover the magnitude range 8.9 ≥ V ≤ 12. In these formulae, the upper-case letters stand for the magnitudes in the standard system, the lower-case letters indicate the instrumental magnitudes corrected for atmospheric extinction. The above equations relate observed to standard values with the rms errors of 0.017, 0.014, 0.012, 0.011 and 0.008 for V , U -V , P -V , X-V and Y -V , respectively, and 0.010 for Z-V and V -S.
The (x,y)-coordinates of stars were transformed to the right ascension, declination system using the USNO-B1.0 catalog (Monet et al. 2003) . The entire field taken covers the equatorial coordinates (J2000.0) RA from 1 h 54 m 25 s to 2 h 00 m 52 s and DEC from +37
• 08 ′ to +38
• 22 ′ .5 (Figure 1 ).
CATALOG AND CLASSIFICATION OF STARS
The full catalog includes a total of 3058 stars down to V ∼ 18.0 mag over an area of 1.5 square degrees. The internal accuracy of the catalog is illustrated in Table 2 , where the mean errors in V and color indices in eight magnitude intervals are given. As can be seen from the table, accuracies better than 0.02 mag (or 0.03 mag in the case of U -V and P -V ) were regularly obtained for stars brighter than V = 15.5. At the magnitude limit (V ∼ 18), the accuracy of photometry is too low for a meaningful classification of stars. Table 2 . Internal accuracy of the photometric catalog. The V versus Y -V color-magnitude diagram (CMD) for the entire CCD frame for NGC 752 is shown in Figure 2 . All data are plotted, irrespective of photometric uncertainty. The cluster main sequence is visible down to ∼ 5 mag below the turnoff point (to nearly V ≈ 16), together with a trace of a sequence of unresolved binaries. At fainter magnitudes, the scatter of points due to photometric errors does not allow to discern the cluster sequence from field stars. We classified all stars in the catalog by means of two methods, dxq and COM-PAR. The dxq method, developed by one of the authors (K. Z.), uses a combination of ten Vilnius color indices of 300 standards of solar chemical composition. These standards represent a variety of spectral and luminosity classes with known mean intrinsic color indices. As a first step, the color indices of each observed star are compared with those of standards to find the differences for each of the ten color indices. Then, using these differences and the color excesses for unit mass of interstellar matter (ISM), derived from the interstellar extinction law (taking into account a given spectral type of a standard), the values of dust mass are calculated for each color index of each standard. Finally, the parameters of the standard which gives the least scatter in dust mass among the ten color indices are ascribed to the star under classification. With these parameters (spectral type, (Y -V ) 0 , etc.), the values of interstellar reddening E Y −V and distances are calculated. The mean differences between six dereddened color indices (U -V , P -V , X-V , Y -V , Z-V and V -S) of the catalog stars and those taken from the closest standards, <∆ CI>, are shown as a function of magnitude in Figure 3 .
The second method, COMPAR, compares 14 reddening-free Q parameters of each observed star with those of 8364 stars (standards) measured in the Vilnius system. Here, as in the case of the dxq method, the parameters of the closest standard are extracted. Using these and a relation between the mean intrinsic color indices and absolute magnitudes of 178 spectral and nine luminosity classes (Straižys 1992) , the values of interstellar extinction A V and distances can be calculated. The results of classification obtained by both methods, dxq and COMPAR, are generally in close agreement.
In Table 3 we give the results of Vilnius photometry for 1174 stars brighter than V = 15.5 which have σ Y −V < 0.01 mag, plus 140 stars with fainter magnitudes, which in the CMD lie in, or close to, the region of the expected cluster sequence. The full catalog of stars down to V = 18 mag will be available at the CDS Simbad database. The columns list the following information: star number referring to our catalog of photometry, equatorial coordinates J2000.0, magnitude V , color indices U -V , P -V , X-V , Y -V , Z-V and V -S, photometric spectral type in the MK Table 3 . Results of photometry and classification of stars in the NGC 752 area. (2000) DEC (2000) V (2000) DEC (2000) V (2000) DEC (2000) V (2000) DEC (2000) V 
